Conductive polymer coatings towards inhibition of microbial-induced corrosion of low carbon steel by Abdolahi, Ahmad
1 
 
 
CONDUCTIVE POLYMER COATINGS TOWARDS INHIBITION OF 
MICROBIAL-INDUCED CORROSION OF LOW CARBON STEEL 
 
 
 
 
 
 
 
 
 
 
 
 
AHMAD ABDOLAHI 
 
 
 
 
 
 
 
 
 
 
 
UNIVERSITI TEKNOLOGI MALAYSIA
i 
 
CONDUCTIVE POLYMER COATINGS TOWARDS INHIBITION OF 
MICROBIAL-INDUCED CORROSION OF LOW CARBON STEEL 
 
 
 
 
 
AHMAD ABDOLAHI 
 
 
 
 
 
A thesis submitted in fulfilment of the 
requirements for the award of the degree of 
Doctor of Philosophy (Mechanical Engineering) 
 
 
 
 
Faculty of Mechanical Engineering 
Universiti Teknologi Malaysia 
 
 
 
 
JULY 2015 
iii 
 
 
 
 
 
 
 
 
 
To: 
 
 
 
My beloved family
iv 
 
 
 
 
 
 
ACKNOWLEDGEMENT 
 
 
 
 
First of all I would like to thank to Allah, the most beneficent, the most 
merciful, for all his guidance and giving while I was preparing, doing and finishing 
this research project.  
 
 
I would like to express my deep gratitude to my supervisor, Prof. Dr. Esah 
Hamzah for her guidance, suggestions, and invaluable encouragement in my study and 
throughout the development of this thesis.  
 
 
I would like also to thank my co-supervisors, Assoc. Prof. Dr Zaharah Ibrahim 
and Assoc. Prof. Dr Shahrir Hashim for their invaluable comments and suggestions in 
my study.  Without their invaluable advice, kind encouragement and trust, I would not 
have reached this point. 
 
 
I would like to acknowledge the Malaysian Ministry of Higher Education 
(MOHE) and Universiti Teknologi Malaysia for providing the financial support and 
facilities for this research under Grant No. QJ130000.2524.04H87. I am also grateful 
for the Universiti Teknologi Malaysia for awarding the international doctorate 
fellowship (IDF) throught this research.  
 
 
I am most grateful to my dear wife, dear family and close friends for their 
support, patience and encouragements during these years. 
 
v 
 
 
 
 
 
 
ABSTRACT 
 
 
 
 
Microbial-induced corrosion (MIC) is an electrochemical form of corrosion 
that is initiated, facilitated, or accelerated by bacteria and biofilms on the metal 
substrate.  Coating methods have been widely used to inhibit MIC because of their 
effectiveness, ease of application and low cost.  Conventional coatings for MIC 
inhibition are based on heavy metals such as tin, copper, and zinc; however, these 
coatings are toxic to the environment.  Recently, environmentally friendly coatings 
were developed to overcome MIC problems.  Among these new coatings, studies have 
focused on conductive polymers, which have both antibacterial and anticorrosive 
properties.  The biocidal and anticorrosive properties of conductive polymers make 
them appropriate coatings for MIC inhibition.  This research project is aimed to study 
and compare the behaviour towards MIC of four types of conductive polymer coatings 
namely, polyaniline nanofibres, polyaniline-silver nanocomposite, polyaniline-carbon 
nanotube, and polyaniline-graphene nanocomposite.  These polymers were 
synthesized and produced through in situ chemical polymerization from various 
chemicals.  This was followed by coating the synthesized polymer coatings onto mild 
steel substrates by solvent casting method.  The behaviour of the polymer coated 
substrates towards MIC was investigated through immersion test in Pseudomonas 
aeruginosa inoculated nutrient-rich simulated seawater (NRSS) medium for one to 
eight weeks.  The corrosion rates and corrosion resistance of the coated mild steel were 
determined by electrochemical test and electrochemical impedance spectroscopy (EIS) 
in 3.5% sodium chloride solution respectively.  Materials characterisation and analysis 
were carried using field emission electron microscope (FESEM), energy-dispersive X-
ray spectroscopy (EDS), Fourier transform infrared spectroscopy (FTIR), X-ray 
photoelectron spectroscopy (XPS), X-ray diffraction (XRD) and transmission electron 
microscopy (TEM).  Adhesion and conductivity test were performed on the polymer-
coated mild steels using pull off and four point probe instruments respectively.  The 
overall results show that nanocomposite coatings displayed better MIC inhibition 
behavior in comparison with pure polyaniline coating and PANI-graphene act as the 
best MIC inhibition coating.  This is due to the good antibacterial and anticorrosive 
properties of the coating which effectively inhibit MIC.  In addition, electrically 
conductive polymer coatings could inhibit biofilm formation and impart good 
anticorrosive properties.  This research project concluded that these conductive 
polymer coatings are suitable candidates for MIC inhibition applications. 
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ABSTRAK 
 
 
 
 
Kakisan dipengaruhi mikrob (MIC) adalah satu bentuk elektrokimia kakisan 
yang dimulakan, dipermudahkan, atau dipercepatkan oleh bakteria dan biofilem pada 
substrat logam.  Kaedah salutan telah digunakan secara meluas untuk merencat MIC 
kerana keberkesanannya, mudah digunakan dan kos yang rendah.  Salutan 
konvensional untuk perencatan MIC adalah berdasarkan kepada logam berat seperti 
timah, kuprum, dan zink.  Walau bagaimanapun, salutan ini adalah toksik kepada alam 
sekitar.  Baru-baru ini, salutan mesra alam telah dibangunkan untuk menyelesaikan 
masalah MIC ini.  Di kalangan salutan baru tersebut, kajian telah memberi tumpuan 
kepada polimer konduktif, yang mempunyai kedua-dua sifat antibakteria dan 
antikakisan.  Polimer konduktif sesuai digunakan sebagai salutan untuk merencat MIC 
kerana mempunyai sifat biosidal dan antikakisan. Projek penyelidikan ini bertujuan 
untuk mengkaji dan membandingkan kelakuan terhadap MIC empat jenis salutan 
polimer konduktif iaitu nanogentian polyanilina, nanokomposit polyanilina-perak, 
polyanilina-nanotiub karbon, dan nanokomposit polyanilina-graphena.  Polimer ini 
disintesis dan dihasilkan melalui pempolimeran kimia in situ daripada pelbagai bahan 
kimia.  Ini diikuti dengan menyalut salutan polimer yang telah disintesis ke atas 
substrat keluli lembut dengan menggunakan kaedah tuangan pelarut.  Kelakuan 
substrat tersalut polimer terhadap MIC telah dikaji melalui ujian rendaman dalam 
larutan Pseudomonas aeruginosa disuntik yang kaya dengan nutrien air laut simulasi 
(NRSS) selama satu hingga lapan minggu.  Kadar kakisan dan ketahanan kakisan 
keluli lembut tersalut ditentukan melalui masing-masing ujian elektrokimia dan 
spectroskopi impedans elektrokimia (EIS) dalam larutan natrium klorida 3.5%.  
Pencirian bahan dan analisis dilakukan dengan menggunakan medan pancaran 
mikroskop elektron imbasan (FESEM), tenaga-serakan sinar-x spektroskopi (EDS), 
jelmaan Fourier spektroskopi inframerah (FTIR), pembelauan sinar-x(XRD) dan 
mikroskopi elektron transmisi (TEM).  Ujian rekatan dan konduktivi telah 
dilaksanakan ke atas keluli lembut tersalut polimer dengan menggunakan masing-
masing alat perengang dan alat empat mata kuar.  Keputusan kajian secara keseluruhan 
menunjukkan bahawa salutan nanokomposit menghasilkan kelakuan antikakisan lebih 
baik jika dibandingkan dengan salutan polyanilina tulen.  Ini disebabkan aktiviti 
biosidal kumpulan nitro bercas positif dalam rantai molekulnya.  Dengan lain 
perkataan, salutan konduktif elektrik boleh merencat pembentukan biofilem dan 
memberi sifat antikakisan yang baik.  Projek penyelidikan ini merumuskan bahawa 
salutan polimer konduktif mesra alam sekitar sesuai sebagai calon aplikasi untuk 
perencatan MIC.  
  
